Parent depressive symptomatology is robust risk factor for externalizing behavior in childhood (Goodman et al., 2011) . Although the precise mechanisms underlying this association have yet to be fully illuminated, there is some evidence that parent depression can impact externalizing behavior via both genetic and environmental pathways. In the current study, we investigated the extent to which genetic and environmental influences on externalizing behavior are moderated by parent depressive symptoms (i.e., genotype-environment interaction) in a sample of 2,060, 6-to 11-year-old twins. Results suggest that genetic influences explain more variance in externalizing behavior as maternal depressive symptoms increase, whereas shared environmental effects decrease. These findings were specific to maternal depressive symptoms, however, and did not extend to not paternal depressive symptoms. Findings are critical for understanding the role of parental depression as a risk factor for problematic child behavior, and informing programs that seek to minimize the impact of this risk factor.
Maternal depressive symptomatology reliably predicts externalizing behavior in children across a wide array of populations and methodologies (Barker, Jaffee, Uher, & Maughan, 2011; Boyd, Diamond, & Ten Have, 2011; Fihrer, McMahon, & Taylor, 2009; Gartstein, Bridgett, Dishion, & Kaufman, 2009; Goodman et al., 2011; Miner & Clarke-Stewart, 2008) . Genetically informed research suggests that this is not exclusively because of parents simply passing on "genes of risk" to their children (e.g., KimCohen, Moffitt, Taylor, Pawlby, & Caspi, 2005; Pemberton et al., 2010) , but has yet to fully examine parental depression as an etiologic moderator of child externalizing behavior. How such dynamics might play out, if at all, is a relatively unexplored but crucial consideration in the association between parent depression and child externalizing behavior (Deater-Deckard, 2013; Moffitt, 2005) . Parent depression could "activate" otherwise dormant genetic predispositions for externalizing behavior in some children, but it could also push all children, regardless of genetic predisposition, toward more externalizing behavior. Information about the existence and nature of such effects helps lay the foundation for subsequent research and intervention efforts by, for example, providing direction in terms of potential mediating processes (e.g., genetic vs. environmental mediators), and notable targets of study or intervention (e.g., are all children potentially at risk, or some more than others?). Addressing this issue requires the consideration of gene-environment interaction (GxE; Moffitt, 2005) .
Genotype-Environment Interactions
GxE refers to differential responsiveness to the environment as a result of one's genes (or vice versa; Moffitt, 2005) . There are two major types of GxE processes, based on the nature of any observed moderation. Bio-ecological interactions (Bronfenbrenner & Ceci, 1994) describe interactions in which genetic effects are more pronounced in lower levels of environmental adversity. The idea is that genetic differences between individuals will be freer to fully manifest themselves in the absence of environmental constraints or presses. In this scenario, the presence of a depressed parent would be an adverse feature of the environment that pushes all children, regardless of genetic makeup, toward more externalizing behavior. In other words, the genetic differences between children would become less relevant (and environmental forces more relevant) in explaining externalizing behavior as parents' depressive symptoms increased. Conversely, diathesis-stress interactions describe interactions in which genetic effects are more pronounced in higher levels of environmental adversity. The idea here is that environmental forces "activate" genes of risk such that genetic differences are more salient in the presence of environmental risk. In this scenario, the presence of a depressed parent would serve to elicit more externalizing behaviors primarily from children with a preexisting genetic disposition for problem behavior. Thus, in contrast to the bio-ecological interaction, genetic differences between children should become more relevant as parents' depressive symptoms increase.
There is some existing GxE research that is pertinent to the association between parent depression and child externalizing behavior. However, an important caveat to this work is that it tends to focus on specific parenting behaviors that are related to depression instead of considering parental depression directly. Compared with nondepressed mothers, depressed mothers are less attentive, less sensitive, less responsive, less warm, less capable of tracking their child's activities, more critical, and more punitive disciplinarians (Bolton et al., 2003; Conrad & Hammen, 1989; Field et al., 1985; Flykt, Kanninen, Sinkkonen, & Punamaki, 2010; Gelfand & Teti, 1990; Green, Stanley, & Peters, 2007; Lovejoy, Graczyk, O'Hare, & Neuman, 2000) . Fathers' parenting behaviors, although less studied, seem to be similarly associated with depression (Wilson & Durbin, 2010) . More important, most of these parenting behaviors and styles also predict externalizing behavior (e.g., Frye & Garber, 2005; Gravener et al., 2012; Leckman-Westin, Cohen, & Stueve, 2009; Shaw et al., 1998) . Thus, to the extent parenting mediates the relation between depressive symptoms and externalizing behavior, GxE studies focused on parenting behaviors can shed some light on the potential etiological moderating effects of depression. Burt, Klahr, Neale, and Klump (2013) and Button and colleagues (2008) both found evidence of bio-ecological interactions such that conduct problems and other externalizing behaviors in middle childhood were more heritable when mothers were warmer, and less harsh in their discipline; conversely, in more "adverse" environments (marked by less parental warmth and harsher discipline), externalizing behaviors were more environmental in origin. On the other hand, Feinberg and colleagues (2007) found evidence of a diathesis-stress interaction such that antisocial behaviors during adolescence were more heritable when mothers were less warm, and more negative. Also consistent with the diathesis-stress notion of "activating genes of risk," Natsuaki and colleagues (2010) and Leve and colleagues (2010) found that fussiness and frustration were highest in adopted infants at genetic risk for externalizing behavior (based the presence of these behaviors in the birth mother) when their adoptive mothers reported experiencing affective dysregulation.
In short, these GxE results are not entirely consistent with one another. In some cases genetic influences are less pronounced as maternal negativity increases, but in others they are more pronounced. This may partly be a consequence of the fact that these studies varied greatly in regards to participant age (from infancy to 19 years). Both youth externalizing and parenting behaviors change dramatically across the first 20 years of life. Across early life, externalizing behaviors become more varied and differentiated, which has important consequences for measurement, determining etiology, and long-term outcomes (Burt, 2012) . Additionally, as children age, they grow more independent, and parents play less prominent roles in their lives, which presents additional challenges when comparing studies on parents' impact across age groups (Collins, Madsen, & Susman-Stillman, 2002) . Furthermore, just as constructs change in their manifestation over time, the processes undergirding them likely do as well (Burt, 2011) , making it unrealistic to assume that the same forms of GxE that underlie externalizing behavior in infancy also operate later in life.
One particularly relevant insight of the Burt and colleagues (2013) study was that different parenting behaviors might have different moderating effects on the same phenotype. For example, the parental warmth dimension might be more relevant in the moderation of shared-environmental influences, whereas the parental control dimension might be more relevant in the moderation of genetic influences . This suggests that the heterogeneity in results may also stem from differences in the parenting behaviors studied. When this is paired with the fact that maternal depressive symptoms have been found to relate to most dimensions of parenting (Gelfand & Teti, 1990 ), yet not all parents will be affected (e.g., Leckman-Westin et al., 2009) , it becomes more difficult to extrapolate findings based on specific parenting behaviors to the overall moderating effect of depression. The situation is further complicated by evidence showing that the effect of parent depression on child behavior is not wholly explained by specific parenting behaviors, making parent depression itself a distinct potential risk (Goodman & Garber, 2017; Reyno & McGrath, 2006; Shaw, Connell, Dishion, Wilson, & Gardner, 2009 ).
Current Study
Though informative, GxE findings based on specific parenting behaviors (albeit behaviors related to depression) should only cautiously be applied to the effects of actual parent pathology. Thus, there remains a need to consider the effects of parent depressive symptoms directly. In the current study, the moderating effect of parental (both maternal and paternal) depressive symptomatology on the etiology of externalizing behavior in middle childhood was directly tested. The current focus on middle childhood (often defined as the period from roughly 7 to 12 years old) is notable as middle childhood has received comparatively less attention in the developmental literature than other periods (Clark, Durbin, Hicks, Iacono, & McGue, 2017; Teglasi, 1998) . This is unfortunate as middle childhood is a unique, transitional time in early life in which parents are less involved with their children than they were in infancy and early childhood, but more involved than in adolescence (Clark, Durbin, Hicks, et al., 2017) . Thus, it is also hard to extrapolate existing GxE results based on younger or older individuals to this life stage (Teglasi, 1998) .
The current study is also notable for including both mothers and fathers. Developmental psychopathology research on intergenerational transmission has historically neglected the role of fathers, both theoretically and empirically (Deater-Deckard, 2013; Fisher, 2016; Goodman et al., 2011; Phares, 1992; Phares, Fields, Kamboukos, & Lopez, 2005) . There is an increasing recognition, however, of the importance of fathers in children's lives (Fisher, 2016; Lamb, 2004) . Indeed, paternal psychopathology and parenting behaviors predict externalizing behaviors in childhood, controlling for genetic effects, and may even interact with maternal symptomatology in predicting problematic behavior (Fisher, 2016; Goodman et al., 2011; Harold et al., 2013; Herbert, Harvey, Lugo- This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Candelas, & Breaux, 2013; Pemberton et al., 2010; Phares & Compas, 1992; Shelton & Harold, 2008; Stover et al., 2012) .
Method

Participants and Procedures
Participants were 2,060 twins (1,030 pairs; 426 Monozygotic, and 604 Dizygotic) and their parents, drawn from the Michigan State University Twin Registry (MSUTR; see for more details). All twins were assessed as part of the ongoing Twin Study of Behavioral and Emotional Development in Children (TBED-C) within the MSUTR. The TBED-C includes a completed population-based sample (N ϭ 1,056 twins in 528 families), and an ongoing, independent "at-risk" sample for which inclusion criteria specified that participating twin families lived in moderately to severely disadvantaged neighborhoods (current N ϭ 1,004 twins in 502 families). To be eligible for participation, neither twin could have a cognitive or physical condition (e.g., significant developmental delays) that would preclude completion of the roughly 4-hr assessment (assessed via parental report). All families were reimbursed for their participation.
To recruit families, the Department of Vital Records in the Michigan Department of Community Health initially identified twins in our age-range either directly from birth records or via the Michigan Twins Project, a large-scale population-based registry of twins in lower Michigan that were themselves recruited via birth records. The Michigan Bureau of Integration, Information, and Planning Services database was then used to locate family addresses within 120 miles of East Lansing, MI through parent driver's license information. Premade recruitment packets were then mailed to parents on our behalf. A reply postcard was included for parents to indicate their interest in participating. Interested families were contacted directly by project staff. Parents who did not respond to the first mailing were sent additional mailings approximately 1 month apart until either a reply was received or up to four letters had been mailed. Recruitment strategies were identical for both the population-based and at-risk sample, however, the mailings for the at-risk sample were restricted to households from neighborhoods in which more than 10.5% of households were in poverty (the average neighborhood poverty level based on 2008 census data).
This recruitment strategy yielded overall response rates of 62% for the population-based sample and 54% for the at-risk sample, which are similar to or better than those of other twin registries that use anonymous recruitment mailings (Baker, Barton, & Raine, 2002; Hay, McStephen, Levy, & Pearsall-Jones, 2002) . Twins participating in the population-based study belonged to particular ethnic groups at rates comparable with area inhabitants (e.g., Black: 5.4% and 6.3%, White: 86.4% and 85.5% for the participating families and the local census, respectively). Compared with the population-based sample, the at-risk sample was significantly more racially diverse (14.2% Black and 76.3% White), reported lower family incomes (the means were $72,027 and $57,281, respectively; Cohen's d effect size ϭ Ϫ.38), higher paternal felony convictions (d ϭ .30), and higher rates of youth conduct problems and hyperactivity (d ϭ .34 and .27, respectively), although they did not differ in youth emotional problems (d ϭ .08, ns). Despite these differences, sample of origin did not moderate the effects discussed below, as assessed via multiple (one continuous, one dichotomous) moderator GxE models (Purcell, 2002) .
Both samples appear to be representative of recruited families (as assessed via a brief questionnaire screen administered to 80% of nonparticipating families). As compared with nonparticipating twins, participating twins were experiencing similar levels of conduct problems, emotional symptoms, or hyperactivity (d ranged from Ϫ.08 to .01 in the population-based sample and .01 to .09 in the at-risk sample; all ns). Participating families also did not differ from nonparticipating families in paternal felony convictions (d ϭ Ϫ.01 and .13 for the population-based and the at-risk samples, respectively), rate of single parent homes (d ϭ .10 and Ϫ.01 for the population-based and the at-risk samples, respectively), paternal years of education (both d Յ .12), or maternal and paternal alcohol problems (d ranged from .03 to .05 across the two samples). However, participating mothers in both samples reported slightly more years of education (d ϭ .17 and .26, both p Ͻ .05) than nonparticipating mothers. Maternal felony convictions differed across participating and nonparticipating families in the population-based sample (d ϭ Ϫ.20; p Ͻ .05) but not in the at-risk sample (d ϭ .02).
Twin zygosity was determined via a physical similarity questionnaire completed by the twins' primary caregiver (Peeters, Van Gestel, Vlietinck, Derom, & Derom, 1998) . This questionnaire correctly classifies twins in the MSUTR 95% or more of the time. Overall, twins in the current sample ranged in age from 6 to 10 years, although a small handful (n ϭ 27 pairs) had turned 11 by the time the family participated (mean age ϭ 8.06 years, SD ϭ 1.46). The final twin sample was 51.3% male. The average age of the parents was 38 years for mothers (SD ϭ 5.6), and 40 years for fathers (SD ϭ 6.3). Most (89%) households contained both parents. Parents (ds from .05 to .29) and children (ds from .05 to .18) from single parent households generally demonstrated slightly higher levels on the symptoms of interest compared with those from two parent households.
As the present study was based on the secondary analysis of existing data, it was exempted from ethics committee review. Collection of the original sample was approved by the Michigan State University IRB (#04 -887; "Genotype-environment interactions in child conduct problems"). Children provided informed assent, while parents provided informed consent for themselves and their children.
Measures
Child externalizing behavior. Teachers were used as the primary informant of child behavior in this study given that teachers have extensive experience with many children across contexts that press for regulated behavior (i.e., they have better norms for rating individual differences), and evidence that teacher reports of child behavior may be more predictive of later outcomes than other informants' reports (Clark, Durbin, Hicks, et al., 2017; Teglasi, 1998) . Further, depressed parents may be more likely to exaggerate the problematic behaviors of their children (e.g., Durbin & Wilson, 2012; Fergusson, Lynskey, & Horwood, 1993; Müller, Achtergarde, & Furniss, 2011) , and there is evidence that these trends extend to subclinical levels of depression, and general personality traits related to negativity (e.g., Clark, Durbin, Donnellan, & Neppl, 2017) . Given these findings, we decided it would This document is copyrighted by the American Psychological Association or one of its allied publishers.
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be prudent in the context of this study to emphasize teacher ratings (though parent ratings are also considered; see below). Information on child externalizing behavior was specifically collected from teachers via Achenbach's Teacher Report Form (TRF; Achenbach & Rescorla, 2001 ). The TRF contains 113 items in which teachers are presented with a particular behavior (e.g., "destroys property belonging to others") and then rate the extent to which that behavior was characteristic of the target child over the past 2 months. Teachers can select one of three response options: 0 (not true), 1 (somewhat or sometimes true), or 2 (very true or often true). Individual items are summed together to create various scale scores. For the primary analyses of this study, the TRFs total externalizing behaviors scale was used (M ϭ 2.39, SD ϭ 5.10, % with clinically relevant symptoms ϭ 7% 1 ).
2
The TRF raw scores were used here as opposed to the t-scores, as suggested by Achenbach and Rescorla (2001) . A log(x ϩ 1) transformation was applied to reduce positive skew. Furthermore, before analysis sex, age, and ethnicity (coded as White vs. ethnic minority) were regressed out of the log transformed externalizing scores to control for these demographic variables in the analysis, as each related to rates of externalizing behavior. Higher rates of externalizing behavior were associated with being male, younger, and an ethnic minority.
Although not all twins had teacher report data available (511 of 2,060 were missing), children with missing data did not generally differ from the children who did have TRF data available in regards to parent reported externalizing behavior (Cohen's ds from .01 to .11), and parent depressive symptomatology (d of .02 for maternal depressive symptoms, and .002 for paternal depressive symptomatology). Children with missing teacher data were, however, older (d ϭ .23), and more likely to be African American (17 vs. 7%).
Depressive symptomatology. Parent depressive symptomatology was assessed within several weeks of child externalizing behavior using the Achenbach Adult Self Report scale (ASR), a 126 item self-report inventory of psychopathological behaviors and experiences (Achenbach & Rescorla, 2003) . Respondents indicated the extent to which item content applied to them on a 3 (0 -2) point continuum. Individual item responses were summed together to form various scale scores. For the purposes of this study, the DSM oriented depression scale was used. This DSM oriented scale is consistent with the Diagnostic and Statistical Manual for Mental Health-Fourth Edition (DSM-IV) diagnostic criteria for Major Depressive Disorder. Data on depressive symptomatology was provided by 990 mothers (M ϭ 4.28, SD ϭ 3.60, % with clinically relevant symptoms ϭ 6%
3 ), and 829 fathers (M ϭ 3.60, SD ϭ 3.29, % with clinically relevant symptoms ϭ 8%
3 ) 3 . Mothers reported significantly more depressive symptoms than fathers (Cohen's d ϭ .20), consistent with typical findings regarding sex differences in depressive symptomatology (e.g., Weissman & Klerman, 1977) .
In the GxE models used here, it is optimal for the moderator variable to be floored at 0, and for there to be enough twin pairs at each level of the moderator to adequately estimate the genetic and environmental components. Thus, as is typically done when working with these models, mothers' and fathers' depression scores were thus individually collapsed into five groups (original scores ranged from 0 to 21), which resulted in there being around 100 twin pairs per level of the moderator. 
Data Analytic Strategy
Primary analyses. The primary analyses are based on twin modeling techniques. Twin models function by leveraging the known differences in genetic relatedness between identical (who share 100% of their genetic makeup) and nonidentical (who share an average of 50% of their segregating genes) twins to gauge the extent to which individual differences are because of genetic and environmental factors. The foundational twin model, the ACE model, specifically uses the similarities and differences between different types of twins to decompose the variance in the construct of interest into three components. The first, additive genetic variance (A), captures the extent to which individual differences are a function of genetic differences between people. The second, shared environmental variance (C), captures environmental forces that serve to make genetically related individuals more similar regardless of the proportion of genes shared. The third, nonshared environmental variance (E), captures environmental forces (including nonsystematic measurement error) that serve to make genetically related individuals less similar.
In this study, twin intraclass correlations (i.e., the correlations between twins 1 and 2) were initially computed at all levels of parental depressive symptomatology to provide descriptive information, and rough estimates of the A, C, and E components. Following this preliminary step, a series of univariate GxE ACE models were fit to the data and compared with one another (Purcell, 2002 ). These models, like univariate ACE models, decompose the variance in a given phenotype into genetic (i.e., A), shared environmental (i.e., C), and nonshared environmental (i.e., E) components. However, they also allow each of the ACE estimates to vary as a function of an estimated moderator variable. Moderator main effects are also specified by regressing the phenotypic variable onto the moderator and saving the residual for analysis; this is thought to allow researchers to probe GxE over and above any genotype-environment correlations (in which an individual's genetic makeup is correlated with the environment he or she experiences; Scarr & McCartney, 1983) between the phenotype and moderator, ensuring that observed interactions are not simply because of concurrent rGE (i.e., potential "child effects" and other forms of rGE are removed from the analysis; Purcell, 2002) . Although simple univariate GxE models demonstrate a substantial increase in false positives and a conflation of GxE and rGE processes when a moderator variable is correlated between twins, this is not an issue when the moderator is perfectly shared across twins, as is the case in the current study (van der Sluis, Posthuma, & Dolan, 2012) .
The presence of moderation was formally evaluated via the comparison of several nested univariate GxE models. First, a 1 Based on a t-score of 60. 2 Analyses were also run using the TRFs more specific externalizing scales, such as the Oppositional Defiance Problems scale, the Conduct Problems scale, the Aggression scale, and the Rule Breaking scale. Results from these analyses were consistent with what is presented below, and are available upon request. 3 The clinical cutoff values for this form are gendered such that men need to endorse less symptoms to cross the threshold than women. 4 The major findings reported here were robust to different binning techniques, including keeping depression scores continuous (though estimation difficulties did arise in these continuous moderator analyses). This document is copyrighted by the American Psychological Association or one of its allied publishers.
model was specified that allowed for both linear and nonlinear moderation (i.e., quadratic effects). Second, the nonlinear paths were constrained to 0 and this linear moderation only model was compared with the nonlinear moderation model. Third, the linear moderation paths were constrained to 0 and this no moderation model was compared with the linear moderation only model. Fourth, if the linear or nonlinear moderation model evidenced the best fit to the data, models were specified in which only one or two ACE components were allowed to vary as a function of the moderator. This was done to determine the exact nature of any observed moderation. For example, if the linear moderation model was supported, six sub models would be compared with the full linear moderation model: A moderation only, C moderation only, E moderation only, AE moderation only, AC moderation only, and CE moderation only. The best fitting model from this battery of tests was retained as the final, best-fitting model. Models were compared via the significance of the change in Ϫ2 log likelihood (i.e., change in 2 ), Akaike's Information Criterion (AIC), Bayesian Information Criterion (BIC), sample size-adjusted BIC, and Deviance Information Criterion (DIC; West, Taylor, & Wu, 2012) . A significant Ϫ2LL difference indicates that previously added model constraints (e.g., constraining linear moderation paths to 0) significantly reduce model fit (thus, favoring the less restrictive model). For the rest of the fit indices, the model with the lowest value is favored. Indices for comparing models will not always agree with each other for various reasons (e.g., BIC places more value on parsimony than other indices). Given this, the model that was supported by at least 3 of the 5 metrics was selected as the best fitting model.
Analyses were primarily conducted using Mplus Version 7.4 (Muthen & Muthen, 1998 -2012 , and estimated via full information maximum likelihood. Models were also run using Mx, however (Neale, Boker, Xie, & Maes, 2003) . Using Mx in addition to Mplus offered two major advantages. First, the DIC is more readily available from Mx than Mplus. Having this extra index of fit is useful for model selection, especially as with only four metrics of model comparison there is always the possibility that two models will "tie" (i.e., each favored by two metrics). Second, models with nonlinear moderation effects are prone to local maxima, and so multiple starting values should be used for these models. Being able to confirm the "best" model (i.e., the model with the best starting values) across independent programs boosts confidence in the results. For all analyses, results were consistent across both programs.
Notably, it is generally inadvisable to generate and interpret standardized model estimates for univariate GxE models (Purcell, 2002) . Thus, unstandarized path estimates and variance components are presented throughout this study. However, given that the externalizing variables are standardized residuals, path estimates can be thought of as approximately standardized, which can aid in interpretation.
Confirmatory analyses. To explore the robustness and generalizability of our primary findings, we conducted additional analyses based on different approaches to operationalizing parental depression and child externalizing behavior. First, the moderating effect of maternal and paternal Negative Emotionality was examined. Rather than capturing symptoms of specific pathology, Negative Emotionality is a broad, "normal range" personality trait that captures a general tendency to experience negative emotions.
Negative Emotionality ratings were collected from mothers (M ϭ 30.14, SD ϭ 12.43) and fathers (M ϭ 30.21, SD ϭ 14.13) via self-report using the Multidimensional Personality QuestionnaireBrief Form (MPQ; Patrick, Curtin, & Tellegen, 2002) . Negative Emotionality scores were binned into fifths before analysis.
Second, depressive symptomatology in the parents was replaced with a broad internalizing composite score that captured general levels of internalizing problems. This was computed by subjecting multiple scales of the ASR, and Negative Emotionality ratings, to principal components analysis (PCA). PCA is a useful data reduction technique for creating weighted composite scores. In addition to Negative Emotionality and the ASR DSM depression scale, the ASR anxious-depressed (mother: M ϭ 5.61, SD ϭ 4.92; father: M ϭ 4.74, SD ϭ 4.79), DSM anxiety problems (mother: M ϭ 4.08, SD ϭ 2.63; father: M ϭ 3.68, SD ϭ 2.61), and total internalizing (mother: M ϭ 9.67, SD ϭ 8.05; father: M ϭ 9.16, SD ϭ 8.41) scales were included in the PCA. The PCAs for each parent indicated that a single component solution was optimal. This single component explained 77% of the variance in mothers' scores, and 80% of the variance in fathers' scores. The loadings for the five scales were above .70 in both analyses. Internalizing component scores were generated and binned into fifths for both parents.
Third, given the phenotypic and etiologic overlap between externalizing and internalizing behaviors (e.g., Kendler, Prescott, Myers, & Neale, 2003) , all aforementioned models were rerun controlling for child internalizing behaviors (i.e., internalizing behaviors were regressed out of the outcome measure along with age, sex, and ethnicity). Internalizing scores came from the total internalizing behavior scale of the TRF (M ϭ 3.47, SD ϭ 4.91). Teacher ratings of internalizing and externalizing behavior were correlated at r ϭ .48. Internalizing scores were only modestly related to mothers' (r ϭ .09) and fathers' (r ϭ .05) depressive symptoms.
Finally, we examined whether and how parental depressive symptoms moderated the etiology of externalizing behavior assessed via parental reports. Although we emphasize teacher reports for the reasons stated above, it is worth at least considering multiple informants as any observed differences could potentially reflect meaningful differences in terms of informants' contexts and perspectives (Burt et al., in press; Clark, Durbin, Hicks, et al., 2017) . Parent ratings come from the total externalizing behavior scale of the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2001 ). Mothers' and fathers' ratings were averaged together to create parental composite scores of total externalizing behavior (M ϭ 6.12, SD ϭ 5.76). The parent composite score was moderately correlated with teacher ratings (r ϭ .35), and parent depressive symptomatology (rs of .28 and .28 for mothers and fathers symptoms, respectively).
Results
Preliminary Analyses
Correlations between the major study variables, at the level of the individual twins, are presented in Table 1 . Maternal and paternal ratings of depressive symptoms were significantly correlated with one another (r ϭ .18), but were only modestly correlated with teacher reported externalizing behavior (rs range from .04 to .05). Monozygotic and dizygotic twin intraclass correlations This document is copyrighted by the American Psychological Association or one of its allied publishers.
(ICCs) for the externalizing variables can be found in Table 2 . Collapsing across levels of symptomatology, MZ ICCs are around twice the size of DZ ICCs, suggesting genetic influence with modest if any contributions of the shared environment. At the different levels of maternal depressive symptoms, the magnitude of the difference between MZ and DZ ICCs appeared to fluctuate, becoming more pronounced. On the other hand, MZ ICCs were generally slightly less than twice the size of DZ ICCs across levels of paternal depressive symptoms.
Maternal Depressive Symptoms
For the primary analyses, the linear moderation model fit better than the nonlinear moderation and no moderation models (see Table 3 ). Subsequent model tests revealed that the A and C moderation only model was the overall best fitting model (see Table 3 ). Parameter estimates for the full linear moderation model, and the best fitting model, are presented in Table 4 . In the full linear moderation model, the initial ACE estimates were .57, .48, and .60, respectively. As noted above, despite representing unstandardized path coefficients, the nature of the variables used here is such that these values can still be interpreted in roughly the same manner as standardized path coefficients. Squaring these initial, or intercept, values suggests that when mothers reported the lowest level of depressive symptoms, around a third of the variance in children's externalizing behavior was a function of genetic factors. Around a quarter of the variance was then explained by the shared environment, and the nonshared environment accounted for the rest. This pattern was similar in the best-fitting linear moderation model.
The nature of the observed moderation was such that as maternal symptoms increased, genetic influences on externalizing behavior also increased, and shared environmental influences decreased. That is, the positively signed moderation coefficient for the A path implies that the amount of genetic variance in child externalizing increased as the level of depressive symptoms reported by mothers increased. The opposite trend was observed for the C path, implying that shared environmental variance decreased as the level of depressive symptoms reported by mothers increased.
These trends are represented in Figure 1a , which depicts the A, C, and E variance contributions at each level of depressive symptomatology 5 (note that the figure plots variance components, which are second-order statistics; thus, some linear effects may appear nonlinear). The moderation effects manifest themselves in this figure via the gradual increase in the A trend-line, and the decrease in the C trend-line. An interesting find was that the translation of path estimates to variance components suggests that shared environmental variance may begin to eventually rise in magnitude at more extreme levels of maternal symptoms than were represented in the current sample (perhaps as would be found in clinical samples). Indeed, despite the differences in trends and effects, the 95% confidence intervals (CIs) on the A and C lines overlap at the highest level of depressive symptoms, though they do not cross at the previous two levels. This implies that the differences between the genetic and shared environmental components are most robust at moderate levels of depressive symptoms, while A and C may contribute more equally to the variance in externalizing behaviors at lower and higher levels. Of course, the overall trends were for A to increase as symptoms increased, and C to decrease, and in general estimates were less precise at the highest level of symptoms. Further, there were inconsistencies across the primary and confirmatory analyses regarding whether the A and C CIs at the highest levels of negativity overlapped or not. Thus, these findings should be interpreted cautiously.
In the confirmatory analyses (see supplemental materials), the moderating effect of maternal Negative Emotionality was first examined. The linear moderation model was the best fitting model. Consistent with earlier findings, as maternal Negative Emotionality increased, genetic variance significantly increased (A moderation ϭ .09, 95% CI [.01, .18]). Although the moderation coefficient for the C path was again negative in sign, it was smaller in this model and no longer statistically significant (C moderation ϭ Ϫ.09, 95% CI [Ϫ.32, .14]). The implications of this model are depicted graphically in Figure 1b . Second, the moderating effect of the maternal internalizing component was examined. Again, the linear moderation model was the best fitting model, and as internalizing increased, genetic variance also increased (A moderation ϭ .10, 95% CI [.02, .19] ). Shared environmental variance on the other hand decreased as maternal internalizing increased (C moderation ϭ Ϫ.17, 95% CI [Ϫ.29, Ϫ.04]). The implications of this model are depicted graphically in Figure 1c .
The above models were then rerun with teacher reported internalizing behavior included as a covariate. Results were consistent with the trends described above. The only recurring distinction 5 These were calculated by taking, for example, (c 0 ϩ c 1 ‫ء‬ D) 2 ; c 0 and c 1 values come from Table 4 , and "D" refers to the level of depressive symptomatology (0 to 4); see Purcell, 2002. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
between analyses was that the initial values of the A and C components (i.e., intercepts) were slightly smaller, and the moderation coefficients were slightly larger, in the models controlling for internalizing behavior (see supplemental materials). Finally, our primary model was rerun using parent reported child behavior as the outcome variable. The nonlinear moderation model appeared to fit the data best. The results of this model are presented graphically in Figure 1d . Consistent with the results based on teacher rated externalizing behaviors, genetic variance was highest at the highest level of maternal symptoms. However, genetic variance was also somewhat elevated at the lowest level of depressive symptoms, suggesting that genetic variance is most pronounced for mothers reporting the most and least symptoms.
Paternal Depressive Symptoms
In the primary analyses, the no moderation model fit better than the nonlinear and linear moderation models (see Table 5 ). This indicates that the magnitude of genetic, shared environmental, and nonshared environmental variance did not change based on the level of paternal depressive symptoms. Parameter estimates for the best fitting no moderation model, as well as the full linear moderation model (for comparison and reference), are presented in Table 4 . These parameters suggest that no matter how many depressive symptoms fathers endorsed, individual differences in externalizing behavior were consistently accounted for by primarily genetic (ϳ50%) and nonshared environmental (ϳ36%) factors. The shared environmental path was small and statistically nonsignificant.
In the confirmatory analyses (see supplemental materials), the moderating effects of paternal Negative Emotionality and internalizing were both examined. The no moderation models fit better than both the nonlinear and linear moderation models in both cases. Results did not change when controlling for teacherreported child internalizing behaviors. There was no evidence of moderation when examining parent-reported child externalizing as the outcome variable either.
Discussion
The extent to which parental depressive symptomatology moderates the etiology of externalizing behavior in middle childhood was examined in a sample of twins aged 6-to 11-years-old. Results suggested that maternal, but not paternal, depressive symptoms may moderate the etiology of externalizing behavior in childhood. Specifically, genetic influences were often more prominent at higher levels Note. Ϫ2lnL ϭ minus twice the log-likelihood; ⌬ Ϫ2lnL ϭ change in Ϫ2lnL; ⌬ df ϭ change in degrees of freedom; p ϭ p value for difference in Ϫ2lnL (difference in 2 ); AIC ϭ Akaike's Information Criterion; BIC ϭ Bayesian Information Criterion; SABIC ϭ sample size adjusted Bayesian Information Criterion; DIC ϭ Deviance Information Criterion; A ϭ genetic path estimate; C ϭ shared environment path estimate; E ϭ nonshared environment path estimate. Best fitting model in bold. The change in Ϫ2lnL for all models below solid line was calculated by comparing that model to the linear moderation only model. This document is copyrighted by the American Psychological Association or one of its allied publishers.
of maternal depressive symptoms, while shared environmental influences were less pronounced. Genetic and shared environmental variance components were frequently of a similar, moderate, magnitude at the lowest level of depressive symptoms. However, as the amount of symptoms increased, the genetic effects grew continually more pronounced, while the shared environmental effects shrank. An interesting find was that the twin ICCs (see Table 2 ) suggest that this effect may have been driven primarily by nonidentical (DZ) twins. That is, as depressive symptoms increased, identical (MZ) twin correlations remained relatively stable while DZ twin correlations decreased. This suggests that DZ twins became less concordant for externalizing behaviors as maternal symptoms increased. These findings are largely consistent with a diathesis-stress model of GxE in which heritability is greater at higher levels of an environmental stressor. An important caveat though is that maternal depressive symptoms can influence child behavior through both environmentally and genetically mediated mechanisms (Kim-Cohen et al., 2005; Leve et al., 2010; Silberg, Maes, & Eaves, 2010) . That is, Note. a ϭ genetic path; c ϭ shared environmental path; e ϭ nonshared environmental paths; A 1 ϭ genetic moderation; C 1 ϭ shared environment moderation; E 1 ϭ nonshared environment moderation. Estimates a-c represent paths when depression is at 0. Parameter estimates represent unstandardized path estimates; 95% confidence intervals in brackets under estimates. Figure 1 . Moderation of externalizing behaviors by maternal attributes. Model results for teacher rated externalizing behaviors moderated by maternal depressive symptoms (top left), negative emotionality (top right), internalizing composite (bottom left), and parent rated externalizing behaviors moderated by maternal depressive symptoms (bottom right) presented. Full linear or nonlinear moderation models displayed. A, C, and E represent unstandardized genetic, shared environmental, and nonshared environmental variance components; 95% confidence intervals represented by error bars. Linear effects may appear nonlinear as the variance components, which are second-order statistics, instead of the paths themselves are presented (Purcell, 2002) . See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
maternal depression represents both a genetic and environmental risk factor. Thus, though results are consistent with the diathesis-stress notion that environmental forces may "activate" genes of risk, it is important to emphasize that parental depression is a risk factor that cannot neatly be classified as an environmental (or genetic) force. Still, the diatheses-stress model provides a useful framework for interpreting these results. Further, the findings remain in contrast to what would be expected in a bio-ecological framework, since the shared environment component decreased as symptoms increased (instead of increasing as would be expected). This implies that for the children of more depressed mothers, individual differences in externalizing behavior have less to do with strictly environmental, intrafamilial factors (i.e., the shared environment). More important, the pattern of results described here was consistent across the primary and confirmatory analyses. The latter also hinted that the effects identified may generalize beyond depression to internalizing problems generally, and even to normal range personality traits. Overall, results generally dovetail with those of Feinberg and colleagues (2007) ; Leve and colleagues (2010) , and Natsuaki and colleagues (2010). The latter two studies cited here are notable in that unlike most relevant GxE research, maternal emotional dysregulation was more directly examined (as opposed to parenting behaviors). Thus, all studies that have directly investigated the moderating effect of maternal emotional dysregulation or depressive symptomology on externalizing behavior, including the current study, have found evidence for diathesis-stress interaction (using both twin and adoption designs). It is noteworthy too that the children included in this study were considerably older than the children in the Leve and colleagues (2010) and Natsuaki and colleagues (2010) studies (infancy vs. middle childhood). Thus, there is evidence in both infancy and middle childhood that maternal depression may exacerbate genetic influences on youth externalizing, or at least, that differences in externalizing behavior between the children of more depressed mothers are more genetic in origin compared with the children of less depressed mothers.
We did not, on the other hand, find any evidence for bio-ecological interactions like those described in two other studies examining parenting as a moderator of child externalizing outcomes Button et al., 2008) . This suggests that parental depression may increment parenting in the etiologic moderation of child externalizing, just as the phenotypic relation between parental depression and externalizing cannot wholly be reduced to parenting (e.g., Goodman & Garber, 2017; Reyno & McGrath, 2006; Shaw et al., 2009 ). Future replication efforts should simultaneously examine maternal depression and maternal parenting behaviors to confirm this interpretation.
Implications
The pattern of moderation observed here suggests that individual differences in externalizing behavior among the children of more depressed mothers are more genetic in origin than are the individual differences in externalizing among the children of less depressed mothers. Thus, maternal depressive symptomatology may affect externalizing behavior in part by exacerbating a genetic propensity toward externalizing behavior. Accordingly, maternal depression could potentially be targeted for some form of intervention (either at the parent or child level) to reduce that push. Indeed, there is evidence that reducing maternal depressive symptomatology reduces child behavior problems, and that early exposure to high quality child care programs can counteract the presence of mothers' depressive symptoms (e.g., Boyd & Gillham, 2009; Giles, Davies, Whitrow, Warin, & Moore, 2011; Goodman & Garber, 2017; Weissman et al., 2006) . The current findings reinforce the potential benefits of these interventions, and highlight a possible route through which they function. Specifically, children with a greater genetic liability for externalizing behavior, compared with other children, may be especially at-risk from maternal depression.
It is important to note that although many interventions along these lines target specific parenting behaviors, these interventions may be less effective when depressive symptoms are not also treated (Goodman & Garber, 2017; Reyno & McGrath, 2006; Shaw et al., 2009) . In other words, there may be benefits of alleviating parental depressive symptoms beyond those gained by simply reducing maladaptive parenting behaviors. This supports the idea that maternal depression is a distinct risk for disruptive behavior in childhood beyond simply representing a specific cluster of parenting behaviors. For example, depression does not simply affect one's ability to parent, and the holistic influence of depression on the individual, and broader family system, will extend beyond the parent-child relationship (e.g., Fried & Nesse, 2014) . General family stress (both a potential cause and consequence of parent depression) can in turn exacerbate externalizing problems in childhood (Campbell, Pierce, Moore, Marakovitz, & Newby, 1996; Deater-Deckard, 2013) .
Indeed, there is increasing recognition, both by the research community (Fisher, 2016) and the general public (Belluck, 2014) , of the importance of maternal depressive symptoms, both for mothers, their children, and the rest of the family. This study reinforces that importance, though more work is needed to place the effects observed here in developmental context in terms of This document is copyrighted by the American Psychological Association or one of its allied publishers.
long-term processes, and parallel mechanisms (e.g., evocative rGE). Still, this study represents an important step in understanding this risk factor, which is knowledge that may prove useful for informing certain aspects of interventions that can effectively reduce risk (Deater-Deckard, 2013; Moffitt, 2005) . It is notable then, given the largely consistent findings for maternal depressive symptoms, that paternal attributes were roundly unrelated to the etiology of externalizing behavior. The discrepancies across mothers and fathers suggest that maternal and paternal psychopathology can affect child behavior via different pathways. Given that mothers still tend to take on the majority of the child caregiving duties (Lamb, 2004; Sayer, Bianchi, & Robinson, 2004) , factors that undermine the performance of these tasks, such as depression, might be more relevant for mothers than fathers to the extent that lower quality caregiving is in fact a mechanism by which parental depression impacts the development of externalizing behaviors. It was also the case that in this sample there was not as much negativity among the fathers as compared with the mothers; the lack of effects for paternal variables could thus represent a simple restriction of range. More work is needed to account for these differences across parents. This is especially the case as similar associations have been found among maternal and paternal depression, parenting, and externalizing behavior (Harold et al., 2013; Wilson & Durbin, 2010) .
Limitations and Future Directions
Although it is important to study middle childhood, a consequence of this focus was that the children included here are older than those children for whom the association between maternal depression and externalizing behavior is typically studied (6 to 11 vs. infancy through early childhood). This could be an issue as there are both empirical and theoretical reasons to suspect that parental depression may be more relevant to externalizing behavior during the first few years of life. Specifically, the associations between maternal depression and externalizing behaviors are stronger for younger children (Goodman et al., 2011; Lovejoy et al., 2000) , and during these early years children are especially dependent and close to their parents. Indeed, infancy and toddlerhood may represent periods of particular sensitivity to the presence of a depressed parent (Pemberton et al., 2010) . That the children in the current study were older may help to explain why parental depression was so weakly associated with teacher reported externalizing behavior at the zero-order level. The fact that moderation was still found, however, demonstrates that parental depression can still be relevant to externalizing behavior in later childhood. Relatedly, depressive symptomatology and externalizing behavior were each measured at only one time point, which prevented the current study from taking a more developmental perspective (e.g., Burt, 2011) . It was not possible to examine whether earlier maternal depression moderated the etiology of future externalizing behavior, or whether the pattern of moderation is indeed different at different ages. Nor could we examine how both GxE and rGE processes simultaneously unfold across time.
It is also worth noting that there was some evidence of assortative mating between parents on depressive symptoms (r ϭ .18). Assortative mating reduces the ostensible role of genetic influences (by inflating the DZ twin ICC) and could have attenuated the effects observed here. That the correlation between parents was relatively small, and captures overlap on depressive symptoms instead of externalizing behaviors, somewhat lessens the impact of this potential limitation. However, mothers and fathers did also demonstrate a modest amount of assortative mating on the externalizing scale of the self-report inventory used here (r ϭ .18). In this vein, it would have been advantageous to have included both parents in the model simultaneously to take into account the potential interplay between maternal and paternal pathology (e.g., Pemberton et al., 2010) . For example, the presence of two more depressed parents may accentuate the effects observed here, and paternal symptoms could increase in relevance based on the level of maternal symptoms. However, such analyses (i.e., GxE with two continuous moderators) are computationally intractable at present (Purcell, 2002) .
In regards to measurement, depressive symptomatology was measured via a simple self-report index of symptom count and symptom severity. More typical approaches to assessing psychopathology, that is via clinical interview, could have provided a more rigorous and precise assessment of symptoms. Furthermore, the fact that the measures used to assess (most) parent and child variables come from the same family of assessment instruments (Achenbach & Rescorla, 2001 ) could introduce shared method variance, even though different informants were used. The nature of the questionnaire used here also precluded the examination of factors such as chronicity of current symptoms, and history of depression. These variables are likely important to consider alongside in-the-moment symptom counts (e.g., Ashman, Dawson, & Panagiotides, 2008; Giles, Davies, Whitrow, Warin, & Moore, 2011; Kim-Cohen et al., 2005; Lovejoy et al., 2000; Pemberton et al., 2010) . In this vein, the current sample was not a clinical sample, and as such only a small proportion (Ͻ10%) of the children and parents demonstrated clinically relevant levels on the scales of interest. This may have attenuated the effects observed here, and somewhat limits generalizability to parents and children with more severe pathology. However, the size of the sample may make up for the somewhat low levels of symptom severity in terms of the power to detect effects.
Finally, not only were fathers slightly less likely to participate and provide information on depressive symptoms, but they also reported less symptoms on average than mothers, and demonstrated less variability in their symptom counts. As such, the comparison of maternal and paternal model-fitting results are imperfect. That is, the binned depression groups used to test moderation are not invariant across mothers and fathers so that, for instance, mothers in the maternal "high depression" bin endorsed more symptoms than the fathers in the paternal "high depression" bin. Thus, it is unclear if the differences between mothers and fathers reported here reflect actual differences in the association between depressive symptoms and the etiology of externalizing behavior, or are merely a consequence of the fact that participating fathers did not represent as wide a range of depressive symptoms. Similar effects may have been observed for fathers had more fathers with higher levels of depressive symptoms participated. Of course, these fathers may be less likely to participate in the first place. Indeed, most mothers in the sample indicated if the twins' father had a history of a depression, and those fathers who did were slightly less likely to participate than those who did not (75 vs. 83%). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Future work should continue to explore how parental depression moderates the etiology of externalizing behavior. For example, researchers can simultaneously include both depressive symptomatology and parenting behavior in the same model. In essence, the current study's explicit focus on parental depression should be synthesized with prior research's focus on specific parenting behaviors. Research along these lines would also be able to more fully explore how rGE and GxE co-occur. The models used here are able to partial out the effects of rGE between the outcome and moderator (Purcell, 2002) . However, given the likely presence of rGE when considering parent behavior and child externalizing, and the fact that rGE involving phenotypes related to externalizing behavior not included in these models (e.g., child temperament) is not adjusted for, it is advantageous to be able to consider both gene-environment interplay processes simultaneously. It may be, for example, that the evocative rGE effects observed with parental criticism and externalizing behavior (Narusyte, Andershed, Neiderhiser, & Lichtenstein, 2007) are more pronounced when parents are depressed (i.e., it is easier for externalizing children to evoke criticism when parents are more depressed).
